The perioperative care of obese patients can often be challenging, as the presence of comorbidities is common in this patient population. In this article, we present recent data on perioperative complications of obese patients and discuss relevant details for daily practice, including drug dosing, airway management, and mechanical ventilation.
INTRODUCTION
Obesity is a chronic metabolic disease (ICD-10 code E66) characterized by an increase of body fat stores. Anesthesia in obese patients can often be challenging as they have a higher incidence of comorbidities and an increased risk of a difficult airway. Furthermore, obese patients are prone to intraoperative pulmonary complications, including acute upper airway obstruction and aspiration of gastric contents following tracheal extubation. Obese patients have a higher incidence of sleep apnea and more frequently develop hypoxia during the early postoperative period [1] .
Recently, two excellent review articles addressing the perioperative management of obese patients have been published. The 'Guidelines for perioperative management of the obese surgical patient 2015' dealt with the management of obese surgical patients throughout the perioperative period [2 && ]. Another review entitled 'Morbid obesity and perioperative complications' summarized recent data regarding the postoperative complications of obese patients organized by organ system [3 && ].
In this article, we review recent data regarding perioperative complications of obese patients and discuss relevant details that need special attention in daily practice, including outcome, drug dosing, airway management, and mechanical ventilation. obese patients. The authors found that patients receiving desflurane needed less time to respond to commands to open their eyes. In contrast, no clinically relevant differences were observed regarding postoperative anesthesia care unit discharge time, incidence of postoperative nausea and vomiting, or postoperative pain scores. Ahmad et al. [5] examined whether obese patients with diagnosis of obstructive sleep apnea (OSA) were at significantly greater risk for postoperative hypoxemic episodes after laparoscopic bariatric surgery than morbidly obese patients without a diagnosis of OSA. In the first 24 h postoperatively, there was no difference in the median oxygen saturation (SpO 2 ) with and without oxygen therapy, between OSA and non-OSA groups. The number of episodes of oxygen desaturation and the mean number of desaturation episodes per hour did not differ between the groups. They concluded that OSA per se did not seem to be an independent risk of the occurrence of episodic hypoxemia.
In a retrospective study, Goucham and colleagues [6 & ] investigated oxygen saturation, use of continuous positive airway pressure (CPAP), and other complications in patients with severe OSA who underwent bariatric surgery. No deaths, reintubations, or cardiopulmonary complications occurred. In 121 patients with severe OSA, 67.8% used CPAP, 17.4% experienced desaturations (SpO2 < 90%), and 5.0% had one episode of severe desaturation (SpO2 < 85%). The authors concluded that patients with severe OSA who use CPAP appropriately were at low risk of cardiac and pulmonary complications after laparoscopic bariatric surgery. The lack of major interventions needed for desaturations suggests that routine admission to an ICU can be regarded as not necessary. However, continuous digital oximetry combined with monitoring remains essential, especially, as adequate compliance to the therapy with CPAP is difficult to guarantee. From a more general view, numerous wards with different capabilities labeled ICU, postanesthesia care unit, intermediate care unit, and extended recovery room exist, occasionally, and provided there are no contraindications, such patients can be monitored continuously in the ward, but an intermediate care station or even the ICU might represent more appropriate alternatives.
DRUG OVERDOSING
The appropriate dosage of anesthetic drugs is the cornerstone of anesthesia in obese patients. Several indices for adjustment of drug dosing have been described, which should be known by every physician participating in the perioperative care of those patients.
Total body weight
Total body weight (TBW) is the measured weight of the patient. In terms of drug dosing, calculation upon TBW is valid for normal weight patients of varying sizes. The use of TBW might easily lead to overdosage in obese patients and can be dangerous (see Table 1 [7, 8] for details).
Lean body weight
Lean body weight (LBW) is calculated from the patient's height, which would allow the BMI to be within 18.5-24.9 kg/m 2 . Lean body mass refers to the sum of the weight of bones, muscles, and organs. Basically, it reflects the sum of everything other than fat in the body. It can be calculated using Janmahasatian et al.'s [8] formula who derived LBW equations for patients ranging between 40 and 220 kg.
KEY POINTS
Lean body weight is the optimal dosing scalar for most drugs used in anesthesia, including opioids and anesthetic induction agents.
Severe life-threatening complications related to intubation occur 20-fold more often in ICU compared with the operational theatre, requiring physicians to be skilled in difficult airway management.
High PEEP and recruitment maneuvers usually improve gas exchange and lung mechanics, but may impair the hemodynamics, and their impact on outcome is unknown. 
Ideal body weight
Ideal body weight (IBW) describes the ideal weight associated with maximum life expectancy for a given height and body frame. Many similar IBW equations exist, the most commonly used one is described by Devine [7] . Devine's original estimation: Men ¼ 50 þ 2.3 kg/each inch above 5 ft. An alternative notation with different units:
The formula was used by the seminal acute respiratory distress syndrome (ARDS) trial for calculation of the tidal volume and called 'Predicted Body Weight' [9] .
The appropriate formula for each anesthetic agent
Physicians must be prepared to deal with pharmacokinetic and pharmacodynamics differences in morbidly obese individuals. In obesity, drug dosing is not simply a problem of size, but of changed body composition. As drug administration based on TBW can result in overdose, weight-based dosing scalars must be considered. Conversely, administration of drugs based on IBW can result in a subtherapeutic dose.
Obesity only moderately affects the pharmacokinetics of agents like sevoflurane [10] and desflurane [11] . A meta-analysis exploring the differences in emergence between sevoflurane and desflurane reports reduced mean time to extubation in favor of desflurane [4 & ]. The following drugs should be dosed according to LBW: propofol, thiopental, etomidate, nondepolarising muscle relaxants, remifentanil, fentanyl, and sufentanil.
Among the drugs that should be dosed according to TBW are: succinylcholine, neostigmine, and sugammadex.
The continuous infusion of propofol and thiopental should be calculated according to TBW. With the exception of neuromuscular antagonists and succinylcholine, LBW is the optimal dosing scalar for most drugs used in anesthesia, including opioids and anesthetic induction agents [12 && ,13,14] . Vasopressors are typically infused via a syringe pump, working with infusion rate units of mg/kg/min or mg/kg. As these drugs can be titrated to a rapidly clinically observable effect, the use of TBW seems feasible.
A recent review article [15 & ] on antibiotic therapy suggested that most lipid-soluble drugs (e.g., antibiotics targeting the central nervous system) should be dosed on the basis of TBW, whereas nonlipid-soluble drugs should be dosed according to IBW. Maintenance doses of lipid-soluble drugs should undergo modification in either total dose (decrease) or dosing interval (increase) because of possibility of accumulation in fatty tissue, which may result in prolonged residual effect or toxicity. For water-soluble drugs (most antibiotics), loading dose should be based on IBW or lean body mass. Maintenance doses based upon TBW tend to overestimate the requirements; optimal therapeutic levels are easily achieved on dosing based on ideal body mass. In obese patients, antibiotics and other drugs with narrow therapeutic index should have their serum concentration measured and dosage adjusted accordingly.
Airway management in the obese patient
A large observational study of over 170 000 patients found that a BMI at least 30 kg/m 2 was an independent risk factor for both difficult mask ventilation and difficult intubation [16] . Patients with known OSA, as well as patients with a STOP-Bang score at least 3 may also present an increased risk for difficult airway [17,18 && ]. However, other authors have found that a higher BMI was not associated with a more difficult intubation [19] . The Fourth National Audit Project on major complications of airway management in the United Kingdom found airway problems to occur twice as commonly in obese and four times as commonly in morbidly obese patients. Obesity is associated with a 30% greater chance of difficult/failed intubation, although predictors for difficult laryngoscopy are the same as for the nonobese [20] . A large neck circumference is a useful additional indicator and when greater than 60 cm, is associated with a 35% probability of difficult laryngoscopy [21] . Beards are quite common in the obese men population and can cause problems with bag-mask ventilation. If time permits, shaving or shortening before anesthesia induction may be useful, especially when additional central venous catheterization in the cervical area is planned. A recent publication by de Jong [18 && ] reported in obese patients (BMI!30 kg/m 2 ) twice more frequent incidence of difficult intubation in the ICU (16.2%) than in the operational theatre (8.2%). Severe life-threatening complications related to intubation occurred 20-fold more often in ICU. Moreover, the mild-to-moderate complications were 10-fold more frequent in ICU than in operational theatre (esophageal intubation, supraventricular, and ventricular arrhythmia requiring therapy, dental injury, aspiration, or dangerous agitation). The ICU setting itself seems to be an independent risk factor of severe complications compared with the operational theatre setting. Patients admitted to ICU generally have less physiological reserve than those admitted for elective surgery with a high rate of acute respiratory failure. Moreover, the use of specific difficult airway management techniques was markedly less in the ICU compared with operational theatre. In a previous study, Cook and colleagues [22, 23] demonstrated that airway management preceding a severe airway complication in ICU was far less likely to be structured than in the operational theatre and that advanced/rescue airway techniques in obese patients in ICU frequently failed before a serious airway complication. These results could be explained by the failure to recognize the problem of airway management in the ICU, the lack of skills, or the lack of equipment. In addition, in this study, risk factors for difficult intubation in operational theatre were similar to those found in the literature for obese patients, that is, Mallampati score, reduced mobility of cervical spine and obstructive sleep apnea syndrome. Moreover, in the ICU cohort, the same risk factors as in the operational theatre were identified, but also specific risk factors such as severe hypoxemia and coma as a cause of difficult intubation.
Budde et al. [24] proposed indirect mirror laryngoscopy as a predictor of difficult laryngoscopy in obese patients, but failed to show significant results in a pilot study. Up to now no single predictor has proven to be adequate in terms of specificity and sensitivity in predicting difficult airways in the obese population [24,25 & ].
Mechanical ventilation
Mechanical ventilation has been shown to importantly affect outcome in ICU patients with or without risk for the ARDS [9] . Although lung protective ventilation with low tidal volumes and the use of positive end-expiratory pressure (PEEP) have been increasingly used in ICU patients, the implementation of protective ventilation strategies is not yet generally implemented [26 && ]. Studies addressing the evolution of the set tidal volume based on TBW in patients with ARDS [27] showed that 7% of patients were ventilated with a tidal volume of more than 10 ml/kg, 16% had a tidal volume of 8-10 ml/kg, 43% had a tidal volume of 6-8 ml/kg and 34% were ventilated with a tidal volume of less than 6 ml/kg. This data set suggests that a relatively large proportion of patients at risk for ventilator-induced injury are not protectively ventilated.
Additionally, less than two-thirds of patients with ARDS received a tidal volume of 8 ml/kg or less of predicted body weight according to the Large Observational Study to Understand the Global Impact of Severe Acute Respiratory Failure from 2016 in 50 countries with 2377 ARDS patients in total [28] .
As the difference between IBW and TBW becomes larger at higher degrees of obesity, and height is seldom measured, the chance of hyperinflation and corresponding ventilator-induced injury is higher in severely obese patients.
In daily practice, a relatively high number of intensive care patients are treated without a measured or at least estimated body weight and height. As IBW is a function of body height, measurement of patients' height should be mandatory.
No clear guidelines exist for setting tidal volume and optimal ventilator management in patients without ARDS, but lung protective ventilation strategies appear to have preventive value. According to Jaber et al. [29] , female sex and high BMI are associated with intraoperative use of a large tidal volume.
A recent review [26 && ] recommended the use of protective ventilation with low tidal volumes (approximately 8 ml/kg, based on predicted body weight), lung recruitment maneuvers, and PEEP in the range 8-15 cmH 2 O during the intraoperative period. Additionally, the authors claimed that noninvasive ventilation should be used early in the postoperative period to avoid atelectasis, hypoxemia, and atelectrauma. Also, those authors recommended limited use of oxygen (less than 0.8) to avoid reabsorption atelectasis. Conflicting results have been found by a recent investigation [30] . Researchers compared intraoperative mechanical ventilation in obese patients with a fixed PEEP of 5 cmH 2 O in the control group versus recruitment maneuvers followed by individualized PEEP setting as guided by electroimpendance tomography (EIT). The mean PEEP in the therapy group was as high 18.5 AE 5.6 cmH 2 O. The P a O 2 /F I O 2 ratio as well as end-expiratory lung volume were significantly higher in the group with higher PEEP. However, the differences between low and high PEEP disappeared completely early after extubation, and mortality and hospital length of stay were equal in both groups. Trials focusing on gas exchange, lung mechanics or lung imaging have only limited validity, especially when patient outcome, for example mortality and/or hospital length of stay, is comparable between groups. Currently, there is no substantial evidence that recruitment maneuvers and the application of PEEP improve clinical outcome in obese patients. In fact, intraoperative high-PEEP values may impair the hemodynamics, particularly during surgery that requires restrictive use of intravenous fluid administration [31] .
CONCLUSION
The perioperative care of obese patients requires planning, a pinch of gut feeling combined with sound knowledge of drug dosing, use of protective tidal volumes, as well as prudence when it comes to intubation. Physicians involved in the care of the obese patient must be skilled in airway management, as severe complications related to difficult intubation are 20-fold more frequent in the ICU than in the operation theatre. Postoperative care should rather be guided by severity of the underlying comorbidities, requirement for postoperative analgesia, and the surgical procedure itself than a fixed scheme that fits for all patients. The application of PEEP and the use of recruitment maneuvers may lead to improved intraoperative oxygenation, but current data do not allow recommendation of high PEEP use combined with lung recruitment maneuvers in this population.
